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1Chapter I 
The Problem
My purpose in th is descriptive study was to view infants' 
readiness to learn and th e ir  performance on a simple discrete task 
from the perspective of Piaget's theory of infant in te lligence . Such 
a readiness to learn has been described by Watson (1966, 1971, 1972) 
as contingency awareness. This study attempted to investigate the 
relationship between assessed Piagetian sensorimotor level and 
performance on a contingency awareness task. Performance measures 
included e ff ic iency  rate and latency to f i r s t  h it  on a second test  
session. Infant performance was viewed within the framework of 
sensorimotor development. From the l i te ra tu re  there is evidence of a 
relationship between performance on contingency awareness tasks and 
what Piaget has termed causality , but no study has addressed the 
question across the stages of sensorimotor development as was 
attempted in th is research. Most of the contingency awareness studies 
have looked at performance of children at one chronological age.
For example, Ramey and Finkelstein (1978) found that infants as young 
as 4lt i months were able to give a panel pressing response to control 
the presentation of colored l ig h ts . In addition to the question of 
performance in relationship to sensorimotor stages in this study, 
the question as to whether such responses can be obtained with even 
younger infants was also examined,
2Overview
Various proposals have been made to explain the young in fan t's  
apparent d i f f ic u l ty  in performance on simple operant tasks. In a 
review of infant learning, L ip s it t  (1968) was unable to c ite  any 
successful studies of operant learning within the f i r s t  three months 
of l i f e  and focused on the deterrent factors of "response 
habituation" and "stimulus adaptation," which appear p a rt ic u la r ly  
strong in early  infancy. In a consideration of this habituation  
problem, Watson (1966) proposed th a t,  "the delicacy of maturity of the 
response system employed may play an important role in determining the 
success or fa i lu re  of operant conditioning in early  infancy" (p. 73).
Piaget (1952) provides the basis for another explanation of the 
young in fan t's  learning d i f f ic u l ty .  Piaget assigned "secondary 
c ircu la r  reactions" (described as behavior which is "centered on a 
resu lt produced in the external environment") as the defining 
characteris tic  of the th ird  stage of development in his theory of 
sensorimotor in te lligence . Piaget's assignment is p r in c ip a lly  
descrip tive , implying a stage dependency explanation of the in fan t's  
i n i t i a l  learning d i f f i c u l t y —that is , the infant must await passage 
through the f i r s t  two stages of structural modification.
Piaget, therefore, has prim arily  relegated the learning 
d i f f ic u l t y  to the structural characteristics of young infants, while 
Watson and L ip s it t  have focused on process variables which leave open 
the p o s s ib il i ty  of learning under fa c i l i t a t in g  conditions. An 
examination of the l i te ra tu re  has revealed no existing studies 
involving the question of whether the two perspectives share any
3common relationship . This research has focused on the p o s s ib il i ty  of 
such a re la tionsh ip , and is an attempt to bring together Piagetian 
cognitive developmental theory, and the operant learning paradigm.
Even casual observation of infants reveals that they delight in 
making events occur. The joy of being able to control stimulation was 
noted many years ago by Groos (1901). Only recently , however, did the 
dimension of stimulation, which can be termed c o n tro l la b i l i ty  or 
responsiveness, come under experimental investigation (Seligman & 
Maier, 1967; Singh, 1970; Watson, 1966; Watson & Ramey, 1972).
C lifton  and Nelson (1976) indicated that responsiveness could vary as 
a function of the infant having received stimulation during which the 
in fa n t 's  state or "level of tension" d iffe red . Sroufe and Wunsch 
(1972) noted that a social stimulus on one t r i a l  e l ic ite d  laughter 
whereas on another t r i a l  the same stimulus e l ic ite d  crying.
White (1959) noted that much of human behavior appears to be 
directed toward having effects upon the environment without regard to 
physiological needs. He further suggested that interactions with the 
environment in which behaviors have pronounced effects are se lec tive ly  
continued. White (1959) also proposed that the motivation to interact  
competently with the environment be considered separately from the 
tra d it io n a l notions of drives and instincts ; he argued for the 
existence of a competency motive serving as a basis for e ffec tive  
interactions with the environment. A sim ilar position was taken by 
Hunt (1965) who described a model of in tr in s ic  motivation basic to an 
in fa n t 's  attempt to have an impact on the environment. The organism's 
desire to produce a competent e ffec t on its  environment, and the
4resulting feelings of e ff icacy , were described by Harter (1978) as, 
"effectance motivation."
Piaget's Theory of Sensorimotor Development
Piaget (1952, 1954) maintained that the increasing number and 
complexity of behaviors within the f i r s t  years of l i f e ,  in p a rt ic u la r ,  
are products of a gradual and continuous process whereby the effects  
of the in fan t's  experience progressively* accrue. Subsequent behaviors 
are constructed from and shaped by these experiences; they do not 
emerge abruptly as new competences at a given point in maturation.
The observations of Piaget (1952, 1954) have provided a picture  
of the ongoing organism/environment interaction of the human in fant.  
Piaget (1954) conceived this adaptive interaction to involve two 
complementary processes, termed assimilation and accommodation.
The viewpoint of assimilation starts from a simple 
consideration. The meaningfulness inherent in signals and 
associations always derives from the actions of the subject 
v is -a -v is  the object. Accordingly, one describes the 
phenomena (of signal behavior of associative behavior) in 
re la t io n  to the subject. Assimilation is ,  therefore ,  
nothing else but the incorporation of objects into schemes, 
and schemes constitute the product of assimilations insofar 
as equivalence is founded on assimilation . . . .  I f  every 
action implies assimilation and i f  assimilation is defined 
as incorporation of objects or of external links into 
schemes of actions, every action v is -a -v is  an object 
transforms th is object in i ts  properties and in its
5re la t io n s . Thus every act of knowing includes a mixture of 
elements furnished by the object and by the action. The 
essential epistemological significance of the assimilation  
hypothesis l ie s ,  therefore, in the proposition that 
o b je c t iv ity  is constructed by means of coordinations of 
actions or operations instead of resulting from the mere 
in terp lay of perceptions and associations. (P iaget, 1954,
p. 201).
Through this process, the ready-made schemata (s tra teg ies ) of the 
in fant are transformed into the logical "organizations" of adult 
in te lligen ce . This in f lu e n tia l cognitive developmental theory views, 
therefore , such development as an interactional process.
Piaget's studies of infant in te lligence were conducted in 
Neuchatel and Geneva a ha lf century ago, the central focus of which is 
that the hallmark of cognitive development during infancy is the 
acquisition of a rudimentary capacity for internal thoughts. Infancy 
is a time of trans ition  from completely overt content to internalized  
(representational) content (Brainerd, 1978).
Piaget (1952) describes th is transition  in terms of a succession 
of concepts, s k i l ls ,  and strategies that make th e ir  appearance during 
the f i r s t  two years of l i f e .  This period of development is described 
by Piaget as the sensorimotor stage of in te llig ence . Selected 
characteristics  of the attainments of the sensorimotor period are 
presented in Table 1. Within th is framework the infant begins to 
develop a number of basic schemes that lo g ic a lly  precede la te r  stages 
of cognitive development. Piaget's observations indicate that
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9observed actions can imply the level at which the infant is 
functioning cognitive ly . Therefore, " in te lligence  proceeds through an 
invariant sequence of stages in i ts  development, and the cognitive  
structuring is the d e f in it iv e  property of each stage" (Wiggins, 1972, 
p. 527). Each stage of development is characteristic  of q u a lita t iv e  
sh ifts  in the mode of th inking, of hierarchical in tegrations, and of 
pervasive reorganization of thought.
In The Construction of R eality  in the Child (1954), Piaget has 
outlined six stages of development that comprise the period of 
sensorimotor in te llig ence . These stages are at the heart of Piaget's  
theory of in te lle c tu a l development during infancy. The model may be 
divided into two parts: (a) the six sensorimotor cognitive contents,
such as object performance and causality; and (b) the six substages of 
sensorimotor development. The developmental substages are used to 
give order and structure to the sensorimotor contents. The contents, 
in turn, elaborate the "developmental" substages to make them real and 
tangible. The cognitive contents are the substages for a ll  practical 
purposes, they are what is measured to determine an in fan t's  level of 
sensorimotor functioning.
Piaget (1954) claimed that the world of stable objects is 
gradually constructed and that the in fan t's  f i r s t  perceptions are of 
sensory feedback that accompanies motor a c t iv i ty  rather than of 
objects per se. In the e a r l ie r  stages an object that is "out of 
sight" does not ex is t. Only in la te r  stages can the infant rea lize  
that objects continue to exist even though they are no longer present
10
to the senses. This a b i l i t y  is expressed in Substage I I I  and is known 
as object permanence.
Means and behavior can best be described as "what infants do to 
cause events or to obtain objects that they come to desire" (Uzgiris & 
Hunt* 1975, p. 30). In such s ituations, they combine the use of one 
behavior as a means with another as the end or goal.
Causality is the capacity to anticipate what consequences w il l  
fo llow  from a certain cause or what cause probably produced a 
part icu la r  re s u lt .  The most s ig n if ican t feature about the concept of 
causality  is that by up un til  sensorimotor Stage V the in fan t's  
understanding of cause-and-effect relationship is quite unlike that of 
other children or adults.
Newborns l iv e  in a world in which there is no clear d istinction
between th e ir  own bodies, and the people and things in th e ir
environment. Infants gradually learn to distinguish themselves from 
the objects in th e ir  world, and from the actions they perform. In the 
widest sense Piaget's sensorimotor stage is a step-by-step account of 
the in fan t's  progress from cognitive contents that are expressive, 
se lf-centered , and disorganized, to cognitive contents that are 
instrumental, adapted to the demands of the environment, and w e ll-  
organized (Brainerd, 1978). The sensorimotor period has been 
described as the period of practical in te lligence (Furth, 1969), 
because the tasks learned are based upon d irect sensory and 
motor experience.
Although Piaget probably never intended that his theory of
sensorimotor development provide a framework for assessments of early
cognitive competencies, his observations of the genesis of 
sensorimotor in te lligence has been found to have u t i l i t y  for th is  
purpose. The Uzgiris-Hunt Piagetian-based Infant Psychological 
Development Scale (IPDS) was used for th is  study. This sensorimotor 
scale has become increasingly popular as a measure of early  
in te lle c tu a l development of infants. According to Piaget (1952), the 
attainments of the d iffe re n t domains of sensorimotor in te lligence  
presented in Table 1 at any one level of development are specific  
categories or processes of a more general operation of thought.
Uzgiris and Hunt (1975) also consider the attainment of d iffe ren t  
domains at a specific level of development special cases of a more 
general cognitive process. The landmarks on Piagetian-based scales 
measure progressively more complex levels of development in the 
genesis of particu lar types of sensorimotor constructs. The "test"  
items on these Piagetian-based scales consist of e l ic i t in g  situations  
designed to evoke a possible range of c r i t ic a l  actions from the 
in fan t. C r i t ic a l  actions are those behaviors that "imply that an 
infant has attained a particu lar level of functioning in a given 
branch of development" (Uzgiris & Hunt, 1966, p. 42).
The IPDS is an ordinal scale, unlike trad it io na l scales that 
assume predetermined rates of development. Ordinal scales assume that 
differences in the rate of progress carry no particu lar significance. 
Theoretica lly  and conceptually, i t  d if fe rs  from trad it io n a l  
psychometric tests in several important ways. F i r s t ,  in contrast to 
tra d it io n a l infant tests b u il t  upon a unitary conceptualization of 
in te ll ig en ce , the Uzgiris-Hunt is b u il t  upon the presupposition that
12
the early  cognitive performance of infants is composed of r e la t iv e ly  
discrete a b i l i t ie s  or t r a i t s ,  and that there are q u a lita t iv e  sh ifts  in 
the prominence of these a b i l i t ie s .
The ordinal scales developed by Uzgiris and Hunt (1966, 1975) 
are comprised of seven scales. The scales concern the development 
of object permanence, of means for obtaining environmental ends, 
of gestural and verbal im itation of operational causa lity , of 
construction of objects, re lations in space, and of schemes for 
re la t in g  to objects. The infants in th is study were assessed using 
the scales for object permanence (Scale I ) ,  of means for obtaining 
environmental ends (Scale I I ) ,  and of im itation of operational 
causality  (Scale IV ). In each one of these series, e l ic i t in g  responses 
are presented, responses to which are indicative of s ig n if ican t  
landmarks in the course of that branch of psychological development. 
These three sequences have high indices of s c a la b il i ty  and a high 
degree of correspondence between assigned sequence stage level and 
overall stage lev e l.
Infant Learning and Contingency Awareness
The nature of the environment has a c r i t ic a l  e f fec t on the 
development and application of mastery behaviors. Of utmost 
importance is the need to have a contingent environment. Watson 
(1966) maintained that experience with experimental contingency 
awareness is basic to an infant being prepared to learn.
I f  an organism is to learn to produce effects in its  environment, 
i t  needs more than just the behavior which effects the occurrence of 
rewards. Essentia lly , i t  must be functionally  aware of the contingency
13
that exists between its  behavior and the consequencing s t im u li,  
otherwise i t  would remain unchanged by either the number of times the 
consequence was e l ic i te d  or its  present d e s ira b i l i ty .  I f  the awareness 
that the occurrence of an event is contingent on the preceding 
occurrence of a particu lar response, the organism is in a position to 
increase the rate of the appropriate response. Contingency awareness 
is ,  therefore, the organism's functional knowledge that the nature of 
the stimuli received is sometimes affected by the nature of the 
behavior i t  is emitting. I t  refers to the organism's readiness to 
react adaptively in contingency situations when they occur.
An organism possessing a high degree of contingency awareness is set 
to learn.
Watson (1966) attempted to assess a theoretical model of how 
infants acquire contingency awareness, or how they form the notion 
that a particu lar stimulus is contingent on a particu lar behavior.
He further proposed that the infant begins contingency analysis at the 
time the interesting or rewarding stimulus occurs. The analytic  
process involves searching the memory for a record of the prior (and 
presumed) e ffec tive  behavior. The analysis was hypothesized to carry 
a commitment to representing the selected behavior under the im p lic it  
assumption that th is emission of the response would provide a test of 
the correctness of selection.
Watson (1966) agreed that newborns may be s tru c tu ra lly  ready to 
process contingency information from the very beginning of th e ir  
re lationship  with the external world. He argued that i t  may be valid  
to suppose that i t  is the lack of motor cap ab ilit ies  and the reactive
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potential of the environment which prohibits such in teraction , a 
period Watson refers to as one of "natural deprivation." I t  has been 
argued ( L ip s i t t ,  1968) that one of the reasons the young infant shows 
no apparent operant or instrumental learning, or Piaget's secondary 
c ircu lar reactions, is not because the infant does not have a 
s ig n if ican t associational capacity, but rather because the level of 
motor development does not provide rew ard-e lic it ing  responses. Watson 
(1966) argues that the human infant is structured from b irth  for the 
processing of contingency information, but that during the f i r s t  three 
months of l i f e  possesses few, i f  any, of the responses which e l i c i t  
rewarding situations from the physical environment. At the same time, 
however, the young infant may possess recovery times s u ff ic ie n t for  
th e ir  in i t i a l  contingency awareness. I f  learning is to occur, 
therefore , under a specific response-reward contingency, the temporal 
l im its  of contingency awareness, must be s u ff ic ien t for the recovery 
speed of the specified response. Theoretica lly , i t  would seem that 
learning, therefore , should occur more read ily  as the recovery period 
of behavior is more securely bound within the temporal lim its  of 
contingency awareness, which must be s u ff ic ie n t for the recovery speed 
of the specified response. In simple terms, infants w i l l  tend to 
repeat those behaviors which are reinforced within th e ir  memory span. 
Since infant memory is judged to be re la t iv e ly  short, at 3 months i t  
is estimated to be about 5 seconds (Watson, 1967), reinforcements must 
fo llow behavior f a i r l y  quickly i f  there is to be an awareness of the 
contingencies involved.
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In recent work (Brinker & Lewis, 1982; Rosenberg & Robinson,
1984) provided infants and mentally retarded children with switches 
that controlled events which the children appeared to enjoy. Their 
ra tiona le  for th is  work was to give children and infants opportunities  
to develop intentional acts. The assumption of th is  paper is that the 
sequence of developmental milestones is the same for children with 
handicaps as i t  is for children without handicaps. Weisz and Z ig ler  
(1979), fo r example, reviewed studies of the order in which retarded 
children achieved major milestones of mental development and concluded 
that the observed sequences matched Piaget's theory of normal child  
development. Rosenberg and Robinson (1984) found indications that 
there may indeed be a relationship between sensorimotor development 
and contingency awareness. They found in th e ir  study of the efficacy  
of a microcomputer work station with handicapped children that there 
was a correlation between the lever-pressing behavior of developmentally 
delayed children and sensorimotor level (N^  = 17, r_ = - .4 9 ,  £  < .0 5 ) .  
Rosenberg and his colleagues found that the ra t io  of ch ildren 's lever 
pressing to the consequences they produced was moderately related to 
th e ir  sensorimotor leve l. They found that as the sensorimotor level 
increased, the ra t io  of hits to consequences decreased.
Purpose
On the basis of the above review of the l i te ra tu re  and 
indications from the results of research undertaken by Rosenberg and 
Robinson (1984), the present research is designed to look at the 
following questions.
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1. The major purpose of the present study was to investigate  
whether there is a correspondence between contingency awareness as 
described by Watson (1966), and the cognitive theory of sensorimotor 
development as described by Piaget (1952, 1954).
2. The second objective was to describe the pattern of 
responding in the contingency awareness tasks across a ll  stages of 
Piaget's sensorimotor theory in both test sessions, and to investigate  
the question of latency of learning and its  relationship to 
sensorimotor development during the second test session.
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Chapter I I  
Method
Subjects
Eighty-four infants ranging in age from 2 to 24 months took part 
in th is study. All of the infants attended a day-care center on a 
nearby m il i ta ry  base, none of the infants were reported as presenting 
any physical or mental handicap. Ethnic origin was not a variable in 
th is  research, but the infants included those of Caucasian, Hispanic, 
Negroid, Polynesian, Asian, and mixed-race backgrounds. The to ta l  
population of preschoolers at the child care center at the time of the 
study was approximately 250 children; only those infants whose parents 
used the center on a fu l l - t im e  basis were invited to p a rt ic ip a te .
Either one or both parents were interviewed personally on an individual 
basis by the investigator and only 5 fam ilies of the 90 chosen refused 
permission for th e ir  infant to partic ipate  in the study. A copy of 
the consent form is given in Appendix A. The d is tr ibu tion  of infants  
according to age and sex is given in Table 2.
Uzgiris-Hunt Scales
The ordinal scales developed by Uzgiris and Hunt (1966, 1975) are 
comprised of six scales. The scales concern the development of object 
permanence, of means for obtaining environmental ends, of gestural and 
verbal im itation of operational causa lity , of construction of objects, 
re la tions  in space, and of schemes for re la t in g  to objects. The 
infants in th is  study were assessed using the scales for object 
permanence (Scale I ) ,  of means for obtaining environmental ends
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Table 2
Distribution of Infants in the Sample According to 
Sex and Age in Completed Months
Age in Months No. of Boys No. of Girls Total
1 0 0 0
2 2 2 4
3 3 4 7
4 0 0 0
5 0 2 2
6 4 2 6
7 3 2 5
8 2 1 3
9 0 1 1
10 3 2 5
11 3 0 3
12 2 1 3
13 3 2 5
14 2 3 5
15 4 3 7
16 2 3 5
17 1 2 3
18 1 1 2
19 2 1 3
20 2 0 2
21 2 0 2
22 1 3 4
23 2 4 6
24 1
n = 45
0
n = 39
1
n = 84
19
(Scale I I ) ,  and of operational causality (Scale IV ).  Sample 
examination record forms for these series I ,  I I ,  and IV are given in 
Appendix B.
For the Uzgiris-Hunt IPDS, interobserver r e l i a b i l i t y  has been 
reported to be quite high (range -  .85 to .9 9 ) .  Short-term te s t -  
re te s t r e l i a b i l i t y  has also been well established with the Piagetian 
scales (range = .88 to .9 6 ).  As in the case with most infant tes ts ,  
long-term s t a b i l i t y  in performance is generally quite low.
This in s ta b i l i ty  indicates, as Uzgiris (1975) pointed out, that the 
rate  of progress in the genesis of a given sensorimotor construct 
(e .g . ,  means-ends a b i l i t ie s )  can be expected to be d iffe re n t for  
d if fe re n t in fants.
Alternate forms of r e l i a b i l i t y  has been examined by comparing two 
d if fe re n t scales of development measuring the same sensorimotor 
construct. High a lternate  forms r e l i a b i l i t y  has been reported 
(range -  .85 to .9 5 ).  The construct v a l id i ty  has been examined in a 
number of studies (Wachs, 1970; Dunst, 1982).
The concurrent v a l id i ty  of the Estimated Developmental Ages 
(EDAs) assigned to the Uzgiris-Hunt scales has been examined in 
several studies (see Dunst, 1982, for a review). In these 
investigations the EDAs on a ll  seven Uzgiris-Hunt scales were found to 
corre la te  substantia lly  and s ig n if ic a n tly  with psychometric tests of 
developmental and mental ages. The average of the seven separate EDAs, 
intended as an estimate of a ch ild 's  overall Sensorimotor Age (SA), 
correlated above .80 , respectively, with Bayley (1969) and G r if f i th s  
(1954) scales of mental age performance. A scalogram analysis of the
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o rd in a lity  of the scales as reported by Uzgiris and Hunt (1966) is 
given in Appendix C.
Apparatus
The infants were provided with switches that controlled events 
which p i lo t  group infants seemed to enjoy. These events included 
tape-recorded music, a mechanical bear that beat a drum, a motorized 
pinwheel, and a bright red f l ic k e r in g  l ig h t .  These were activated in 
response to the operation of a switch.
Equipment used in th is project included a Commodore 64 
microcomputer, Commodore 1541 disk drive, a VIC-REL in terface , a box 
switch, a 110-volt re la y , a monitor, and a p r in te r . The VIC-REL is an 
inexpensive and re l ia b le  interface device that permits the 
microcomputer to accept inputs from a wide varie ty  of manipulanda and 
permit activation of the toys and other consequences.
The microcomputer accepted an independent input and controlled  
six independent outputs. Outputs were switch closures which operated 
the battery-operated toys and a 110-volt re lay  which operated 
additional consequences. A computer program which permitted the 
microcomputer to accept inputs from switches by means of the VIC-REL 
in terface was developed. Specially designed software allowed the 
microcomputer to record infant responses to a disk and to activate the 
consequences. This program provided continuous reinforcement for the 
switch and also generated second-by-second graphs of the two test  
sessions for each subject in the study. Figure 1 shows the equipment 
layout for the two test sessions.
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Figure 1. Equipment Layout for Contingency Awareness Tests
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Switches. An attempt was made to make one standard switch that 
would not r e s t r ic t  performance for the younger infants.
A rectangular wood and Plexiglass box switch measuring 10 in square 
was developed. This used re la t iv e ly  inexpensive microswitches, and 
was so constructed that h it t in g  or batting of any part of the box 
would activate  the switch. I t  proved very re l ia b le  when tested on a 
few infants not partic ip ating  in the study. Batting and h it t in g  were 
the most prevalent method of activating the switch.
Positioning. In p i lo t  work with nonhandicapped in fants, as well 
as handicapped in fan ts , positioning presented several problems, 
p a rt ic u la r ly  with the youngest infants. After much experimentation, 
the box switch was attached by adjustable wooden struts to an infant 
seat, thereby enabling the switch to be positioned to any angle or 
height to meet each subject's physical needs.
Consequences. The events described e a r l ie r  were used as displays 
to be activated. A ra t io  of one response to one 10-sec consequence 
was used with the infants. Additional responses made during the 
consequence had no e ffe c t upon the duration of the consequence or the 
onset of the next consequence. Once the consequence shut o ff  another 
response was required to activate i t .  Consequences consisted of the 
activation of toys, taped music, or colored lights  for a b r ie f  period. 
The choice of consequences to be used was le f t  to the discretion of 
the investigator who had noticed during p i lo t  work that very young 
babies were scared by the drumming bear, but fascinated by the red 
f l ic k e r in g  l ig h ts . Older infants seemed to enjoy the taped music and 
mechanical bear most of a l l .
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Procedure
These research a c t iv i t ie s  took place during the afternoon and 
evening sessions at the day-care center attended by a ll  the subjects. 
An empty o ff ice  was used in an attempt to control d istractions.
The same arrangements of equipment and the same room were used for  
each subject.
The two test sessions, separated by 24 hr, were 6 min in length 
fo r  a l l  the in fants. The subjects were placed in the infant seat and 
positioned as comfortably as possible. The infants were presented 
with the Plexiglas switch, and the investigator demonstrated to every 
subject in the f i r s t  10-sec of the f i r s t  test session that h i t t in g  the
switch activated the available toys.
After the single demonstration, a procedure of shaping for the 
f i r s t  2 min was used in the f i r s t  test session for a l l  in fants, i f  
necessary. Shaping involved the investigator placing the in fan t 's  
hands firm ly  on the box switch whenever the in fa n t 's  hands were in 
close proximity to the switch in order to activate the consequences. 
After th is in i t i a l  2-min period of demonstration and shaping, the 
in fant was le f t  to respond unassisted for the rest of the session 
(4 min). During the second test session (24 hr la t e r ) ,  each subject 
was presented with the box switch and the consequences in a s im ilar  
manner as in the f i r s t  session, but during th is second session no 
in i t i a l  demonstration or shaping was done.
Success with the task in th is  study depended on the infant  
h it t in g  the box switch and then releasing pressure so that the switch
could be activated. Developing high rates of h i t t in g  did not
necessarily resu lt in successful performances. Hits to the box switch 
while the consequence was on (each consequence having a 10-sec 
duration), had no e ffec t upon duration or onset of consequence.
The pattern of responding, that is the ra t io  of hits to consequences, 
was the basis for evaluating the degree of contingency awareness.
This can be done in two ways. F i r s t ,  Rosenberg and Robinson (1984) 
concluded in th e ir  study of the use of a microcomputer work station  
with handicapped children that children who had a response rate  of an 
average of one or more per minute met c r ite r io n  performance.
The second method to determine whether an individual subject has 
contingency awareness is to use the ra t io  of h its to consequence.
Both methods were used in th is study.
A te s t session was terminated i f  any subject developed any 
fussiness (e .g . ,  crying or try ing to get away) fo r more than 15 sec 
consecutively. There is an inherent danger when working with infants  
of making the session too long: For very young in fants , there is the
problem of maintaining concentration and attention; for the older 
in fan ts , there is the problem of habituation and boredom. I t  was 
hoped that a 6-min test session would avoid some or a l l  of these 
problems. This duration was based upon a study by Watson (1984).
Out of a sample of 84 in fan ts , only 6 subjects did not take part in 
both test sessions. Four of the infants would not stop crying, and 2 
went on vacation.
Each infant taking part in the study was given the Uzgiris-Hunt 
Instrument of Assessing Infant Psychological Development on the 
specific scales of the development of object permanence, of means for
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obtaining environmental ends, and of operational causa lity . The 
investigator partic ipated in th is  assessment for approximately one- 
th ird  of the infants in order to f a c i l i t a t e  the co llection of a l l  data 
to within the three-weeks l im it  imposed by the child care center. 
In te rra te r  r e l i a b i l i t y  on the IPDS was determined by a member of the 
Meyer Children's Rehabilitation In s t i tu te ,  who was an expert in using 
the instrument, observing the three other examiners for the f i r s t  30 
infant assessments. The agreement on assignment of sensorimotor 
development level on individual children for each series was found to 
be 100% for these assessments. Only for 20 of the 84 assessments did 
an examiner work alone. At other times, two examiners (one assessed 
while the other held or supervised the in fan t) were able to concur on 
the assessment of the individual ch ild .
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Chapter I I I  
Results
The major purpose of th is study was to investigate i f  there is a 
correspondence between contingency awareness, as described by Watson 
(1966), and the cognitive theory of sensorimotor development as 
described by Piaget (1952, 1954), and to attempt to obtain some 
indication of the relationship between performance on the contingency 
awareness task and sensorimotor leve l. The d is tr ibu tion  of the sample 
according to the Uzgiris-Hunt IPDS is shown in Table 3.
In the f i r s t  test session, an in i t i a l  demonstration followed by 
shaping or prompting was given to each infant as appropriate. Many of 
the in fants , aross a ll  sensorimotor leve ls , needed no shaping at a l l ,  
a few did not even require the in i t i a l  demonstration. In the second 
session, the infants were tested in an experimental context identical 
to the f i r s t  session except that there was no shaping or prompting.
Not surpris ing ly , only one baby in Substage I I  did not have to be 
shaped, however, in teres tin g ly  enough that infant was the youngest 
ch ild  in the study, a baby of only 9 weeks of age. More than half of 
the oldest group of infants in Substage VI needed shaping. The 
average of 74% infants across a ll  groups needed shaping. Table 4 
shows the patterns and percentages of shaping across a ll  groups for  
the f i r s t  test session.
During the f i r s t  session, out of the sample of 84 infants only 6 
children did not demonstrate the successful acquisition of the lever-  
pressing task as determined by the c r ite r io n  of an average rate  of at
27
Table 3
Distribution of the Sample of Infants According 
to Stages of Sensorimotor Development
Stages of
Sensorimotor
Development
Number
of
Infants
Mean Age 
in 
Days
Range
in
Days
I 0 0 0
I I 9 85 66-103
I I I 12 189 100-239
IV 23 332 167-502
V 24 420 256-621
VI 16 643 526-729
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Table 4
Distribution Across Sensorimotor Groups of Shaping 
Patterns for a l l  Infants During the 
F irs t  Test Session
Test Session 1
SM
Level
Number
Shaped
Number
Unshaped
%
Shaped
%
Unshaped
I I 8 1 89 11
I I I 9 3 75 25
IV 18 5 78 22
V 17 7 70 30
VI 9 7 56 44
n = 61 n = 23 M = 74 M = 36
N_ = 84
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least one response per minute across the test sessions. Only two 
additional infants did not reach th is  c r ite r io n  in the second session. 
Such a pattern of responding was considered to be one indication of 
contingency awareness fo r th is  study. The d is tr ibu tion  of the pattern  
of responding using th is  c r ite r io n  is shown in Table 5.
Contingency awareness was also measured by ra t io  of h its to 
consequences. A ra t io  of one h it  to one consequence was operationalized  
as optimal in that any responses made during the duration of the 
consequence were nonfunctional and considered to be in e f f ic ie n t .
The correlation between sensorimotor level and ra t io  of hits to 
consequences was extremely low, £  = -.0083 , £  = .472, on the f i r s t  
tes t session, and, r_ *  - .0 7 ,  £  = .226, on the second test session, 
indicating that there was no difference in the demonstration of 
contingency awareness as defined by th is method between the d iffe re n t  
sensorimotor levels . A summary of the pattern of responding is given 
in Table 6, and the number of subjects in each sensorimotor group not 
making a response is given as a percentage in Table 7.
As can be seen from Table 7, showing the summary of the minutes 
of each test session of the infants not making a response, fewer 
Substage I I  subjects completed the las t minute of the second test  
session than the other four groups. The very young infants in 
sensorimotor level Substage I I  did show a marked difference in 
responding in the las t 2 min of each test session than did the older 
infants in Substages I I ,  IV, V, and V I. This was investigated by use 
of chi-square (fo r the las t minute of the f i r s t  session, 
x^(4 , JV = 71) = 127.41, £  < .001, and for the last minute of the
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Table 5
Number of Children who Demonstrated Acquisition of Contingency
Awareness Based on the C riterion  Level of an Average of at
Least One Response Per Minute Across Sensorimotor
Substages and Test Sessions
Test 1 Test 2 *
SM
Level C riterion
Below
C riterion Criterion
Below
Criterion Not Tested
I I 7 2 9 0 0
I I I 12 0 12 0 0
IV 20 3 20 1 2
V 23 1 21 0 2
VI 16 0 14 1 2
Total 78 6 77 1 6
Note. N = 84 for Test 1; N * 78 for Test 2.
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Table 6
Number of Responses Per Minute fo r All Subjects 
at Each Sensorimotor Level and for  
Each Test Session
Test Session 1 Test Session 2
Minutes Minutes
SM
Level
Number of 
Subjects 3 4 5 6
Number of 
Subjects 1 2 3 4 5 6
I I 9 8 9 5 2 9 8 9 7 5 3 3
I I I 12 10 11 10 9 12 10 11 10 11 8 7
IV 23 18 22 18 18 22 19 19 17 17 15 14
V 24 22 22 21 21 22 15 19 21 19 21 20
VI 16 16 16 16 15 13 12 12 12 13 11 12
1 84 78
Note. F i r s t  2 min of Session 1 were used to demonstrate and shape.
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Table 7
Summary of the Minutes of Each Test Session Shown 
as a Percentage of Infants in Each Sensorimotor 
Group Not Making a Response
Test Session 1 Test Session 2
Minutes Minutes
SM Number of 3 4 5 6 Number of 1 2 3 4 5 6
Level. Subjects % Not Responding Subjects % Not Responding
I I 9 11 0 45 78 9 16 0 3 45 66 66
I I I 12 17 8 11 25 12 17 8 17 8 17 33
IV 23 22 5 12 12 22 13 13 26 26 13 25
V 24 9 9 14 14 22 33 21 14 21 17 14
VI 16 0 0 0 6 13 8 8 8 0 0 15
N 84 78
Note. F i r s t  2 min of Session 1 were used to demonstrate and shape.
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second session, x 2(4 , £  = 56) = 54.52, £  < .001 ), indicating  
differences in the percentage of infants not responding in the last 
minute. Substage V and VI had the lowest percentage of subjects 
not responding.
The second purpose of th is study was to describe the pattern of 
responding in the contingency awareness task among infants on each 
stage of Piaget's sensorimotor development in both test sessions, 
using latency to the in i t i a l  response in the second test session as 
the dependent variab le . Substage VI infants did take less time to 
respond to the task compared to the other groups.
Although the results of th is study do not give support to a stage 
sequence developmental theory of contingency awareness, i t  is evident 
that even the youngest infants in the research did have an awareness 
of response consequence re lationship .
The correlation between sensorimotor level and the ra t io  of hits  
to consequences at the end of the f i r s t  session was .0083, £  = .472, 
and for the second test session was - .0 7 ,  £  = .266, indicating on the 
basis of the ra t io  of hits to consequences no difference in the 
demonstration of contingency awareness among infants at the d iffe re n t  
sensorimotor leve ls . The correlation between sensorimotor level and 
sex was .0795, £  = .246, and the correlation between sensorimotor 
level and chronological age was .9255, £  = .001. These and other 
selected correlations are shown in Table 8.
A one-way analysis of variance was used to investigate the 
differences in the mean ra t io  of hits to consequences for the 
d iffe re n t sensorimotor levels for the f i r s t  test session,
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F_(4, 78) = .3426, £  = .52. The means and standard deviations for  
the d iffe re n t sensorimotor levels are shown in Table 9. Obviously, 
no s ig n if ican t differences were found between the d iffe ren t  
sensorimotor groups.
The relationship  between the ratios of hits and consequences for  
the two test sessions was studied using a Student t_ te s t ,  t_ = 1.95,
£  = .055, r_ = .313, £  = .006, indicating a modest consistency between 
the two sessions and a trend showing an improvement in e ff ic iency .
This was investigated by an analysis of variance using the delay in 
responding, as counted in seconds, as the dependent variable and 
sensorimotor level as the independent variab le , F_(4, 73) = .4709,
£  = .76. Table 10 gives the means and standard deviations for the 
delay in seconds in responding in the second test session.
There were no s ig n if ican t differences of hits between the
d if fe re n t stages of sensorimotor development even though the number of 
hits  varied from a mean of 6.3 in Substage I I  to a mean of 15.7 in
Substage V I, F_(4, 79) = 1.641, £  < .172. That the differences between
the groups were not s ig n if ican t may be due to the differences in 
v a r ia b i l i t y  as indicated by the means and standard deviations as shown 
in Table 11.
To investigate the number of responses across sensorimotor 
lev e ls , an analysis of variance with one between-subject variable  
(sensorimotor le v e l)  and one within-subject variable (minutes) was run 
fo r  each of the two sessions. For Session 1, minutes 3-6 were 
analyzed (minutes 1-2 were used to shape and prompt, minutes 3-6 were 
unassisted); for the second session, a l l  6 min were used. For Session
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Table 9
Means and Standard Deviations of the Ratios of Responses 
to Consequences at Each Sensorimotor Level 
fo r  the Two Test Sessions
SM
Level
Ratio of Hits 
Consequences 
Test Session
to
1
Ratio of Hits 
Consequences 
Test Session
to
2
n Mean SD n Mean SD
I I 9 1.3519 .3456 9 1.4963 .3356
I I I 12 1.6440 .5007 12 1.5377 .4597
IV 23 1.4202 .4153 20 1.7421 .9218
V 24 1.3749 .4280 22 1.5391 .7107
VI 16 1.4362 .6911 14 1.5220 .8272
Total 84 1.4400 .4834 78 1.5848 .7301
Note. F i r s t  2 mins of Session 1 were used to demonstrate and shape.
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Table 10
Means and Standard Deviations on Each Sensorimotor 
Developmental Level for Latency to F irs t  Response 
During the Second Test Session
Mean Number of 
SM Seconds Delay
Level £  to F irs t  Response SD
I I 9 39.8889 31.4621
I I I 12 41.0833 61.8127
IV 20 36.4762 29.3012
V 22 44.0000 38.0313
VI 14 24.5714 54.0812
Total 78 37.5644 42.4896
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Table 11
Means and Standard Deviations of Number of Responses-
for Each Sensorimotor Level in Test Session 1
and Test Session 2
SM
Level
Mean Number of Responses
Test Session 1 Test Session 2
n Mean SD n Mean SD
I I 9 6.3333 4.3875 9 7.3333 4.5277
I I I 12 10.1667 9.7778 12 15.4167 10.0856
IV 23 11.7826 11.2975 21 12.4286 9.0087
V 24 11.1667 9.0490 22 17.1364 13.2280
VI 16 15.6875 6.7302 14 21.9286 13.1527
Total 84 11.5357 9.1239 78 15.3330 10.9979
Note. F i r s t  2 mins of Session 1 were used to demonstrate and shape.
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1 , there were no s ig n if ican t differences between the groups for the 
number of hits in the f i r s t  session, even though the number of hits  
varied from a mean of 6.3 in Substage I I  to a mean of 15.7 in Substage 
V I,  £ (4 ,  79) = 1.641, £  = 1.72. That the differences between groups 
were hot s ig n if ican t may be due to the differences in v a r ia b i l i ty  as 
indicated by the means and standard deviations as shown in Table 11. 
However, there was a s ig n if ican t main e ffec t for sensorimotor level in 
the second test session, £ (4 ,  78) = 2.71, £  = .037, but not for 
minutes, £ (20 , 365), £  = .432. The mean number of hits varied between 
7.3 for Substage I I  to 21.9 for Substage VI. There was a s ig n if ican t  
correla tion between sensorimotor level and number of hits  
(Test Session 1, r_ = .2452, £  = .012; and Test Session 2, £  = .330,
£  = .002). A Tukey test was used a fte r  the AN0VA procedures to 
investigate where, i f  any, these differences might be; however, this  
m ultiple range test showed no two groups to be s ig n if ic a n t ly  d iffe ren t  
at the .05 le v e l.  The older infants h it  the box switch more 
frequently during the second session than the younger in fan ts , but 
th is  increased number of hits had no s ig n if ican t e ffec t on the ra t io  
of h its  to consequences.
To investigate the pattern of consequences across sensorimotor 
lev e ls , an analysis of variance with one between-subject variable  
(sensorimotor le v e l)  and one within-subject variable (minutes) was run 
fo r each of the two sessions. For Session 1, minutes 3-6 were analyzed 
(minutes 1-2 were used to demonstrate and shape, and minutes 3-6 were 
unassisted); for the second session, a ll  6 min were used. Table 12 
shows the means and standard deviations for the pattern of consequences 
across sensorimotor levels in Test Session 1 and Test Session 2.
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Table 12
Means and Standard Deviations of Consequences Across 
Sensorimotor Levels in Test Session 1 
and Test Session 2
SM
Level
Consequences
Test Session 1 Test Session 2
n Mean SD n Mean SD
I I 9 4.2222 2.8186 9 5.4440 2.8771
I I I 12 6.1667 3.5119 12 8.9167 4.2738
IV 23 6.0000 2.9077 21 8.3810 3.9303
V 24 6.8333 3.0169 22 11.6364 5.4820
VI 16 10.7500 3.0221 14 15.4286 7.5724
Total 84 6.9762 3.0431 78 10.3077 5.1919
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For both test sessions, there were s ig n if ican t differences for  
consequences between groups for Test Session 1, R 4 ,  79) = 8.118,
£  < .0001, and for the second test session, R 4 ,  73) = 6.7295, £  < .001, 
suggesting that at the higher sensorimotor leve ls , children received 
more consequences. A Tukey test was used as a post hoc test a fte r  the 
AN0VA procedure to investigate where these differences could be found 
in the last minute of each test session. Substage VI was found to be 
s ig n if ic a n t ly  d iffe re n t to a l l  other groups, and Substage V was found 
to be s ig n if ic a n t ly  d iffe re n t to Substage I I  at the .05 level of the 
las t minute of Test Session 1. Substage VI was s ig n if ic a n t ly  d i ffe re n t  
to Substage I I  and Substage IV in the last minute of Test Session 2, 
suggesting overall a s lig h t tendency for the higher level sensorimotor 
infants to receive more consequences.
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Chapter IV 
Discussion
The present study was an attempt to view infants ' readiness to 
learn , described by Watson (1966, 1971, 1972) as contingency awareness, 
from the perspective of Piaget's theory of in te lligen ce . A review of 
the l i te ra tu re  revealed no such previous cross-sectional studies 
regarding the performance of infants at each sensorimotor level on the 
same contingency awareness task. This present research focused on the 
p o s s ib i l i ty  of finding a common re lationship  between the two 
perspectives. However, although the results from this study quite  
c le a r ly  demonstrated that even very young infants had awareness of 
response and were able to perform the discrete lever-pressing task of 
the study, there was no evidence that there was a re lationship between 
the pattern and performance of th is cause-and-effect task and level of 
sensorimotor development. Rosenberg and Robinson (1984) had found in 
th e ir  work with handicapped children a moderate correlation (r_ = - .4 9 ,  
£  < .05) between the ra t io  of hits to consequences and sensorimotor 
le v e l;  that is ,  they found that as sensorimotor level increased the 
ra t io  of h its to consequences decreased. Although the same c r ite r io n  
of hits to consequences was used to determine e fficacy in responding 
in this study with nonhandicapped children, no such relationship was 
found (for Test Session 1, r_ = -.0083 , £  < .472, for Test Session 2, 
r_ = - .0 7 ,  £  < .266).
A second purpose of the study was to investigate the d iffe re n t  
patterns of responding across a l l  the sensorimotor levels . I t  was of
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great in terest to the investigator that there were few s ig n if ican t  
findings in th is  area. The older children did h it  the box switch more 
frequently during the second session (£  = .330, £  < .002), but this  
increased number of h its did not result in re l ia b le  differences in 
effic ie nc y  rates among the children across the sensorimotor levels. 
However, more infants in Substage VI were h it t in g  during the last 
minutes of both test sessions, especially when compared to the very 
young infants. This re lationship between sensorimotor level and 
number of h its raises the intriguing question as to the degree that 
fac to rs , such as fa t ig u e , a tten tion , and potency of re in forcers , were 
operative in th is study. The older in fants , i . e . ,  those in Substage 
V I,  were also consequated more, especially in Test 1, than the other 
groups, suggesting a q u a lita t iv e  s h if t  in behavior between Substage VI 
and the other levels of sensorimotor functioning.
Another objective of th is research was to investigate the 
re la t ion sh ip , i f  any, between the sensorimotor level and latency of 
f i r s t  response in the second test sessions. Ramey and Finkelstein  
(1978) had shown that contingent stimulation enhanced performance of 
another response; results from this research corroborated th e ir  
conclusion. Half of the infants h it  the box switch more in the second 
session; the greatest difference occurring between the very young 
infants and the Substage VI in fants , although th is  was not 
s t a t is t ic a l ly  s ig n if ic a n t .  However, there was no s ig n if ican t  
difference among the d iffe re n t sensorimotor level groups in latency in 
the second te s t .
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Although not an orig inal aspect of th is study, persistence of 
responding throughout the two sessions was examined and found to be 
s ig n if ic a n t among the d iffe re n t sensorimotor levels , Substage V and 
VI having the highest percentage of infants s t i l l  responding in the 
las t minutes of both sessions. Across both test sessions, the number 
of very young in fants , especially those in Substage I I ,  making no 
response in the last few minutes of the session was much greater than 
the other groups, possibly re f le c tin g  a fatigue factor of the younger 
infants or possibly the potency of the re inforcers.
The retention test used in this study involved the successive 
presentation of a stimulus. Retention and latency of learning in the 
second test was inferred from the amount of time each infant took to 
f i r s t  press the switch to activate the consequences. A large 
proportion of learning attributes represents contextual ones. The 
second test session did not d i f fe r  from the context of the f i r s t  test  
session, except that no demonstrations or shaping took place.
However, although no obvious a lterations in the physical environment 
of the test setting took place, contextual variation could have 
occurred in idiosyncratic response patterns of the infants. The wide 
v a r ia b i l i t y  within each sensorimotor level group from both a pattern  
of h it t in g  and response perspective is considerable. These divergent 
subjects may represent individual differences in sensory processing 
capacities due to immaturity, or a lte rn a t iv e ly ,  th e ir  divergent 
behavior may re f le c t  differences in s ta te , such as wakefulness and 
fussiness. Individual differences, state and age variables, must be 
considered as possible factors which would presumably a ffec t attention
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and arousal during the two test sessions. C lifton  and Nelson (1976) 
indicated that a tten tive  responses could vary as a function of the 
in fant having received stimulation during which the in fa n t 's  state or 
"level of tension" d iffe red . Sroufe and Wunsch (1972) s im ila r ly  noted 
that a social stimulus on one t r i a l  e l ic i te d  laughter whereas on 
another t r i a l  the same stimulus e l ic i te d  crying. The v a r ia b i l i t y  in 
in fant response pattern across subjects in th is study may be p a rt ly  
explained by such a level of tension during the two same stimulus 
sessions. Therefore, although thresholds and responsiveness to 
stimulation could appear to vary as a function of r e s t /a c t iv i t y  and 
feeding cycles, and although an attempt was made during the research 
to test the infants during optimal phases on those cycles, i t  was very 
d i f f i c u l t  to monitor th is .  Such considerable v a r ia b i l i t y ,  as 
indicated by the standard deviations of each group, has without doubt 
affected the outcome of th is study. The exact roles that these 
variables had in this research must remain unclear, and individual 
data remain buried in the data of group differences. The paucity of 
longitudinal studies on infant behaviors results in l i t t l e  available  
data on developmental s h if ts ,  and the frequent averaging, as in this  
study, of individual data for group data presentation l im its  our 
knowledge of v a r ia b i l i t y .  Future studies with samples of infants over 
a broad age range, with a l l  the inherent d i f f ic u l t ie s  of such 
cross-sectional work, is necessary for a d e f in it iv e  conclusion on th is  
question. At the very leas t, i t  is suggested that a baseline recording 
of infant state in future research might be used as a covariate in the 
analyses of behaviors and responses during test sessions.
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Although there were only s ligh t differences in the number of hits  
between the d if fe re n t  sensorimotor leve ls , the increase in the actual 
number of hits in the second test session c le a r ly  re flected  the level 
of tra in ing in the f i r s t  session. From an operant conditioning point 
of view, th is  could be viewed as a demonstration of long-term (24 hr) 
retention of acquired associations. This increase in responding 
(number of h i ts ) ,  fo r example, from a mean of 10.71 for Substage I I  in 
the f i r s t  test session to a mean of 15.41 in the second test session, 
could be considered both a resu lt of learning from the previous 
session and/or memory r e t r ie v a l .  Moreover, the increase in to ta l  
responding (h i ts )  across a l l  the sensorimotor groups during the second 
tes t session suggests the f a c i l i t a t in g  e ffec t of the previous day's 
experience. In summary, the response rate of a ll  sensorimotor groups 
in the second session exceeded the level in the f i r s t  session, 
suggesting that a single day of experience is s u ff ic ie n t  to permit 
infants to notice the details  of the stimuli in the tra in ing  session.
A prediction was made based on the work of Piaget (1952, 1956, 
1967), p a r t ic u la r ly  on the cognitive contents of object permanence, of 
means for obtaining environmental ends, and of im itation of operational 
causa lity , that a correspondence would exist between contingency 
awareness and level of sensorimotor development. Although there were 
no s ig n if ican t findings in th is  present study to substantiate a stage 
developmental process for contingency awareness as described and 
measured in th is experiment, there did appear to be evidence of 
q u a lita t iv e  s h if t  between Substage VI and the other levels of 
sensorimotor development. From a Piagetian viewpoint, th is is not
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surpris ing, for Substage VI children are supposedly capable of mental 
representation. They can represent both th e ir  own actions and 
external events ex terna lly . The a b i l i t y  to solve problems without 
overt " t r ia l -a n d -e r ro r" introduces the p o s s ib il i ty  that infants may 
guide th e ir  behavior via hypotheses, which in the Piagetian view means 
they can explore mentally.
The findings in the present study that even very young infants  
c le a r ly  demonstrated contingency awareness raises many interesting  
points. Watson (1966) has argued that newborns may be s tru c tu ra lly  
ready to process contingency information, but that lack of motor 
ca p ab ilit ies  and the environment prohibit such in teraction . The 
results of this research suggest that fa r  more of a cognitive element 
may be responsible for such a s tate . Management of environmental 
variables in th is study fa c i l i t a te d  the p o s s ib il i ty  of learning for  
very young in fan ts , and indeed, the fact that so many Substage I I  
babies reached the c r ite r io n  level of contingency awareness may be 
sound evidence that extremely young infants are s tru c tu ra lly  capable 
of processing contingency information. The a t t r i t io n  level for th is  
study of the youngest infants may be a re fle c tio n  of th e ir  contingency 
information a b i l i t ie s .
Watson (1984) has concentrated on the formation of an associative  
memory of reward-response contingency in young infants and has assumed 
th a t ,  i f  the temporal delay of reward exceeds the subject's memory 
span, then no association w il l  form. Watson (1966, 1967) proposed 
that infants began contingency analysis at the time the in teresting or 
rewarding stimulus occurred, and the analytic process involved
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searching the memory for a record of the prior e ffec tive  behavior. I t  
is suggested that for the youngest infants in th is  study contingency 
memory had an outer boundary set by the time of prior response 
occurrence. The e f fe c tiv e  time of contingency memory of the youngest 
infants seemed to be diminished by delay of reward. Their selected 
responses were subject to biological constraint of memory and what 
Watson (1966) ca lls  "contingency memory span."
The finding that the infants in th is study were able to learn in 
the experimental contingency situations raises an interesting question. 
Can the experience of successfully mastering a particu lar contingency 
increase the in fa n t 's  a b i l i t y  to handle other contingency situations?  
Can th is kind of learning transfer to other environments and to other 
contingency s itua tion s , too? Watson (1966) questioned whether 
rep e tit io n  of contingency experiences could ameliorate that part of 
contingency awareness he called the tendency to scan memory. I f  th is  
is so, then there is the likelihood of positive transfer to other 
contingencies. Obviously, the question of temporal l im its  would 
apply, but th is  heightened tendency to scan should f a c i l i t a t e  learning 
by the re la t iv e ly  simple increase in responsiveness across a series of 
reward occurrences. Conversely, there may be the likelihood that by 
increasing the temporal l im its  of contingency awareness, there may be 
a positive transfer to other contingency situations which involve 
responses that are not now within the temporal l im its  of contingency 
awareness. Learning in one contingency situation might, thus, 
stimulate learning within other settings. Future studies could 
investigate whether in fant performance might d i f fe r  i f  there were a
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delay in the rewarding consequence rather than the immediate rewarding 
consequence of th is  study. Some contingencies may be more l ik e ly  to 
occur than others, and even more importantly, d iffe re n t contingencies 
may have d iffe re n t outcomes in terms of the structural features of 
cognitive development.
I t  has been suggested (Robinson & Rosenberg, 1984; Watson, 1971) 
that infants who receive contingent stimulation may become more 
competent and e f f ic ie n t  learners. Indeed, Seligman (1975) has 
reported that noncontingent stimulation can have potent negative 
e ffe c ts . Such perspectives would suggest that helplessness can be 
ameliorated with careful arrangement of contingent experiences.
I t  would appear that the greater the number of da ily  events contingent 
upon the c h ild 's  responses, the more adequate w il l  be the educational 
experiences of the ch ild .
The purpose of th is  research was to provide infants with an 
environmental event produced by th e ir  own responding in order to 
produce a basis for an expectancy to control the environment and to be 
aware of contingencies. This was accomplished by arranging a 
consequence contingent upon a simple action that the infant was 
capable of making. In simple terms, the infants in this study learned 
a specific response to control a specific  consequence.
The aegis for th is study has been the recent work of Rosenberg 
and Robinson (1984) who concluded that the most successful strategy of 
adaptation for handicapped children would vary depending upon the 
c h ild 's  own individual sensorimotor substage of development. Although 
th is  study does not support th e ir  finding of a relationship between
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pattern of responding and sensorimotor development, i t  must be in the 
context of normal human development that the instruction of the 
handicapped finds its  meaning.
Contingency awareness is very important; i t  not only shapes 
acquisitions of specific  behaviors, but also enables the ch ild  to 
develop the motivation so basic for a ll  future learning. Recent 
emphasis upon increasing the in fa n t 's  control over the physical 
environment stems from a growing body of l i te ra tu re  on "learned 
helplessness." The way that handicapped and retarded children are 
considered should continue to be enhanced by research with new methods 
of technology and analysis of new strategies for learning. The 
finding in th is  study that the nonhandicapped infants did not 
demonstrate the same modest relationship between sensorimotor level 
and pattern of responding as did the retarded children of Rosenberg 
and Robinson's study (1984) would support a suggestion for fu rther  
research into the investigatory behaviors of both sets of children.
The v a r ia b i l i t y  of the nonhandicapped infants in th is study, as shown 
by the diverse and wide standard deviations, negated the findings for  
s ta t is t ic a l  significance and i l lu s t r a te  the d i f f ic u l t y  of attempting a 
cross-sectional study of in fants . A scant l i te ra tu re  exists to 
suggest strategies to f a c i l i t a t e  further investigation into the 
development of contingency awareness. I t  is wel1-documented (Seligman 
& Maier, 1967; Singh, 1970; Watson, 1966; Watson & Ramey, 1972) that 
external control in learning situations can undermine a person's 
motivation to learn independently. Teaching strategies that enhance 
in fan ts ' a b i l i t y  to d irect th e ir  own learning need to be developed.
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However, information regarding the best strategies to be used is 
extremely lim ited and demands further research.
Our knowledge about infants is expanding, and i t  would seem 
the more ca re fu lly  we look the more capable we find  the in fant to be. 
While sensorimotor development in the f i r s t  year is well-documented, 
the information about infants in the second year appears sparse.
There have been few studies as was the attempt of th is  present* 
research to study the course of development across infancy.
Many of the studies discussed in th is paper dealt with a re la t iv e ly  
narrow age span.
Our picture of the development of contingency awareness has been 
curren tly  patched together from many disparate studies. While 
longitudinal studies are time-consuming and costly , the tracing of 
individual development over an extended period of time does provide 
information that cannot be obtained elsewhere, and th is approach is 
p a r t ic u la r ly  needed for second year infant development. Although the 
data from th is present research enable some basis for implications for  
fu rther  research, there is a great need for future studies in applied 
and natural settings to answer some of the questions raised in 
th is  paper.
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Appendix A 
Consent Forms
University 
of Nebraska 
Medical Center
57
42nd and Dewey Avenue 
Omaha, NE 68105
C. Louis Meyer 
Children’s Rehabilitation Institute 
444 South 44th Street 
Omaha, Nebraska 68131
Consent: Form
Development of a Microprocessor-Based. 
Workstation for Normal Infants
INVITATION TO PARTICIPATE
We Invite you and your child to participate in a research study of infant 
switch-hitting responses. At this time we are using a microcomputer to help 
teach normal infants how they can make interesting events happen by operating 
switches.
EXPLANATION OF PROCEDURES
The purpose of this work is to investigate the way infants can effect changes 
in their environment by hitting a switch to make interearing events happen.
All infants who enter this study will receive an assessment of their develop­
mental abilities using the Ordinal Scales of Development. This evaluation in­
volves having each infant respond to a number of simple tasks that are appro­
priate for normal infants. This evaluation will take less than one hour.
POTENTIAL RISKS
We know of no risks to your child associated with this research.
POTENTIAL BENEFITS
It is hoped that your child will learn new things as a result of participation 
in this study.
ASSURANCE OF CONFIDENTIALITY
No information that could identify your child will be provided to anyone 
without your written permission. Participation in this study is voluntary. 
Your decision whether or not to participate will- not affect any care you or 
your child may receive through the University of Nebraska. If you decide to 
participate, you are free to withdraw your consent and discontinue partici­
pation at any time.
University of Nebraska— Lincoln University of Nebraska at Omaha University of Nebraska Medical Center
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OFFER TO ANSWER QUESTIONS
If you have any questions you should ask us at any time. Please feel free to 
contact one of the investigators below.
YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTICIPATE. YOUR SIGNATURE 
INDICATES THAT YOU HAVE DECIDED TO PARTICIPATE HAVING READ THE INFORMATION 
ABOVE. YOU WILL BE GIVEN A COPY OF THIS CONSENT FORM TO KEEP.
Signature of Parent Date
Signature of investigator Date
Signature of witness Date
Cordelia Robinson, Ph.D. 
559-7451 Office
Patricia Beilby-Smith 
559-7451 Office
Steven Rosenberg, Ph.D. 
554-2592 Office
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Appendix B
Sample Examination Record Forms for Scales I ,  I I ,  and IV 
of the Uzgiris-Hunt Instrument for Assessing 
Infant Psychological Development (1975)
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Appendix C
Scalogram Analysis of Actions Comprising Each of the 
Proposed Series in the Uzgiris-Hunt Instrument for  
Assessing Infant Psychological Development (1966)
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Scalogram Analysis of Actions Comprising 
Each of the Proposed Series
Series
Number
of
Items
Number
of
Subjects
Green' s 
Index of 
Consistency
Visual Pursuit and the 
Permanence of Objects 14 82 .97
Development of Means 
fo r  Obtaining Ends 13 84 .81
Development of Im ita tion ,  
Vocal 9 84 .89
Development of Im ita tion ,  
Gestural 9 83 .95
Development of 
Operational Causality 7 82 .99
Construction of Object 
Relations in Space 11 82 .91
Development of Schemes for  
Relating to Objects 10 84 .80
Source. U zg ir is , I . ,  & Hunt, J. (1975). Assessment in infancy:
Ordinal scales of psychological development University of I l l in o is
Press.
